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Learning outcome
At the end of the lecture, students will be able to ;
1. Calculate the heart rate.
2. Calculate the PQRS interval.
3. Interpret the ECG rhythm strip.
4. Differentiate between normal and abnormal ECG 
rhythm. 
5. Explain the purpose of hemodynamic monitoring.
6. Calculate the pulse pressure, mean blood pressure and 
normal urine output.
7. Discuss nursing management based on client’s clinical 
situations.
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OUTLINE
• Revisit anatomy & 
Physiology of the heart
• Definition
• Background
• Anatomy of the Heart
• Conducting System of the 
Heart
• Pacemakers
• Electrophysiology
• ECG
• Analyzing the Rhythm
• Arrhythmia Formation
• Diagnosing MI
• Hemodynamic monitoring
• Pulse pressure
• Mean Arterial pressure
• Urine output
• Simulation exercises
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Introduction (Revisit)
Location of the heart
✓ Middle mediastinal region 
of the thoracic cavity 
✓ Between the two lungs 
✓ Rest on the diaphragm
✓ 2/3 of the heart mass is to 
the left of the body’s 
midline and 1/3 is to the 
right  
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Introduction
Heart
• Size : 
✓ Varies with the size of the 
individual
✓ 9 cm wide 12 cm long
• Shape 
✓ Cone-shape 
• Weight: 
✓ 250-350 gm
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Auscultation Area
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ECG reading skills
• The Basics
– RATE, RHYTHM, INTERVALS, QRS AXIS
• Morphologic changes
– CONDUCTION ABNORMALITY
– ATRIAL ABNORMALITY
– VENTRICULAR HYPERTHROPHY
– ST – CHANGES
– PATTERNS OF ISCHEMIA & INFARCTION
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What is an ECG?
• An ECG is a method of measuring, 
displaying and recording the electrical 
activity of a heart
• Electrical stimuli is amplified to create a 
“rhythm strip” by a machine that 
consistently produces representations of 
the heart’s electrical activity
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BACKGROUND
02 December 2018
BACKGROUND
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ANATOMY OF THE HEART
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ANATOMY OF THE HEART
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CONDUCTING SYSTEM OF 
THE HEART
Sinoatrial node
AV node
Bundle of His
Bundle Branches
Purkinje fibers
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PACEMAKERS OF THE HEART
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SA Node - Dominant pacemaker with an intrinsic rate of 
60 - 100 beats/ minute.
AV Node - Back-up pacemaker with an intrinsic rate of
40 - 60 beats/minute.
Ventricular cells - Back-up pacemaker with an intrinsic 
rate of 20 - 45 beats/minute.
ELECTROPHYSIOLOGY
P wave = Atrial 
depolarisation
(Contraction)
QRS complex = 
ventricular 
depolarisation
T wave = 
repolarisation of 
the ventricles
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The ECG Paper
• Horizontally
– One small box - 0.04 s= 1mm
– One large box - 0.20 s= 5mm
• Vertically
– One large box - 0.5 mV
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The ECG Paper (cont)
• Every 3 seconds (15 large boxes) is 
marked by a vertical line.
• This helps when calculating the heart 
rate.
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3 sec 3 sec
Placement of Electrodes
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12 Leads 
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ECG leads and Heart view
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12 leads ECG
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12 leads ECG
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Long lead II
ECG INTERPRETATION
Really Very Easy
How to Analyze a Rhythm
Rhythm Analysis
➢Step 1: Calculate rate.
➢Step 2: Determine regularity.
➢Step 3: Assess the P waves.
➢Step 4: Determine PR interval.
➢Step 5: Determine QRS duration.
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Step 1: Calculate Rate
Option 1 
• 300/no. of large boxes= ?
➢300/3 =100 bpm
➢ If the rhythm is regular
Option 2
• 1500/no. of small boxes
➢1500/18 = 83 bpm
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Step 1: Calculate Rate
• Option 3
– Count the no. of R waves in a 6 second rhythm 
strip, then multiply by 10.
* Interpretation?
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9 x 10 = 90 bpm
3 sec 3 sec
STEP 1: CALCULATE RATE
Option 3 (irregular rhythm)
02 December 2018
15x10= 150 bpm
Step 2: Determine Regularity
• Look at the R-R distances (using a caliper or 
markings on a pen or paper).
• Regular (are they equidistant apart)? 
Occasionally irregular? Regularly irregular? 
Irregularly irregular?
Interpretation?
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Regular
R R
Step 3: Assess The P Waves
• Are there P waves?
• Do the P waves all look alike?
• Do the P waves occur at a regular rate?
• Is there one P wave before each QRS?
Interpretation?
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Normal P waves with 1 P 
wave for every QRS
Step 4: Determine PR Interval
• Normal: 0.12 - 0.20 seconds.
(3 - 5 boxes)
Interpretation?
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0.12 seconds
Step 5: QRS Duration
• Normal: 0.04 - 0.12 seconds.
(1 - 3 boxes)
Interpretation?
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0.08 seconds
Rhythm Summary
• Rate 90-95 bpm
• Regularity regular
• P waves normal
• PR interval 0.12 s
• QRS duration 0.08 s
Interpretation?
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Normal Sinus Rhythm
NSR Parameters
• Rate 60 - 100 bpm
• Regularity regular
• P waves normal
• PR interval 0.12 - 0.20 s
• QRS duration 0.04 - 0.12 s
Any deviation from above is sinus tachycardia, sinus 
bradycardia or an arrhythmia
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Arrhythmia Formation
• Sinus node
• Atrial cells
• AV junction
• Ventricular 
cells
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• Sinus Tachycardia (ST)
• Sinus Bradycardia (SB)
• Premature Atrial Contration (PAC)
• Atrial Flutter (AF)
• Atrial Fibrilltation (AFb)
• Paroxysmal Supraventricular
Tachycardia 
• AV Junctional Blocks
• Premature Ventricular Contractions (PVCs)
• Ventricular Tachycardia (VT)
• Ventricular Fibrillation (VF)
Sinus Tachycardia
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Rhythm: Regular
Rate: Fast (> 100 bpm)
P Wave: Normal, may merge with T wave at very fast rates
PR Interval: Normal (0.12-0.20 sec)
QRS: Normal (0.06-0.10 sec)
Notes QT interval shortens with increasing heart rate
Sinus Bradycardia
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Rhythm: Regular
Rate: Slow (< 60 bpm)
P Wave: Normal
PR Interval: Normal (0.12-0.20 sec)
QRS: Normal (0.06-0.10 sec)
Atrial Flutter
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Rhythm: Regular or irregular
Rate: Fast (250-350 bpm) for Atrial, but ventricular rate  is often slower
P Wave: Not observable, but saw-toothed flutter waves are present
PR Interval: Not measurable
QRS: Normal (0.06-0.10 sec)
Atrial Fibrillation
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Rhythm: Irregular
Rate: Very fast (> 350 bpm) for Atrial, but ventricular rate may be slow,
normal or fast
P Wave: Absent- erratic waves are present
PR Interval: Absent
QRS: Normal but may be widened if there are conduction delays
Ventricular Fibrillation
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Rhythm: Highly irregular
Rate: Unmeasurable
P Wave: Absent
PR Interval: Not measurable
QRS: None
Notes: ECG tracings is a wavy line
Ventricular Tachycardia
02 December 2018
Rhythm: Regular
Rate: Fast (100-250 bpm)
P Wave: Absent
PR Interval: Not measurable
QRS: Wide (>0.10 sec), bizarre appearance
Ventricular Tachycardia Torsade de Pointes
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Rhythm: Irregular
Rate: Fast (200-250 bpm)
P Wave: Absent
PR Interval: Not measurable
QRS: Wide (>0.10 sec), bizarre looking
Supraventricular Tachycardia
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Rhythm: Regular
Rate: Fast (150-250 bpm)
P Wave: Merged with T wave
PR Interval: Normal (0.12 sec)
QRS: Normal (.10 sec)
Notes: PR interval can be difficult to measure
Rhythm #1
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70 bpm• Rate?
• Regularity? occasionally irreg.
2/7 different contour
0.08 s
• P waves?
• PR interval? 0.12 s (except 2/7)
• QRS duration?
Interpretation? NSR with Premature Atrial Contractions
Rhythm #2
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60 bpm• Rate?
• Regularity? occasionally irreg.
none for 7th QRS
0.08 s (7th wide)
• P waves?
• PR interval? 0.12 s
• QRS duration?
Interpretation? Sinus Rhythm with 1 PVC
PVCs
• Deviation from NSR
– When there are more than 1 premature 
beats and look alike, they are called 
“uniform”. When they look different, they 
are called “multiform”. 
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PVCs
Couplet/Duplet
Triplet
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Rhythm #3
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75 →150 bpm• Rate?
• Regularity? Regular → regular
Normal → none
0.08 s
• P waves?
• PR interval? 0.16 s → none
• QRS duration?
Interpretation?
Paroxysmal Supraventricular Tachycardia 
(PSVT)
Paroxysmal Supra Ventricular 
Tachycardia
• Deviation from NSR
– The heart rate suddenly speeds up and the 
P waves are lost.
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Common ECG Rhythm 
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AV Nodal Blocks
• 1st Degree AV Block
• 2nd Degree AV Block, Type I
• 2nd Degree AV Block, Type II
• 3rd Degree AV Block
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The story of AV block
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• https://quizlet.com/130773414/story-of-the-av-block-family-flash-
cards/
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The story of AV block
Rhythm #4
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60 bpm• Rate?
• Regularity? regular
normal
0.08 s
• P waves?
• PR interval? 0.36 s
• QRS duration?
Interpretation? 1st Degree AV Block
1st Degree AV Block
• Deviation from NSR
– PR Interval > 0.20 s
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Rhythm #5
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50 bpm• Rate?
• Regularity? regularly irregular
normal, but 4th no QRS
0.08 s
• P waves?
• PR interval? lengthens
• QRS duration?
Interpretation?2nd Degree AV Block, Type I (Mobitz I or Wenckebach)
2nd Degree AV Block, Type I
• Deviation from NSR
– PR interval progressively lengthens, then 
the impulse is completely blocked (P wave 
not followed by QRS).
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Rhythm #6
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40 bpm• Rate?
• Regularity? regular
nl, 2 of 3 no QRS
0.10 s
• P waves?
• PR interval? 0.14 s
• QRS duration?
Interpretation? 2nd Degree AV Block, Type II
2nd Degree AV Block, Type II
• Deviation from NSR
– Occasional P waves are completely blocked 
(P wave not followed by QRS).
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Rhythm #7
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40 bpm• Rate?
• Regularity? regular
no relation to QRS
wide (> 0.12 s)
• P waves?
• PR interval? none
• QRS duration?
Interpretation? 3rd Degree AV Block
3rd Degree AV Block
• Deviation from NSR
– The P waves are completely blocked in the 
AV junction; QRS complexes originate 
independently from below the junction.
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Diagnosing a MI
To diagnose a myocardial infarction you 
need to go beyond looking at a rhythm 
strip and obtain a 12-Lead ECG.
02 December 2018
ECG Manifestations of Acute 
Myocardial Ischaemia:
ST elevation
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Myocardial Ischemia
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Localization of Infarction
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Coronary Arteries
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Coronary Artery
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ST-T wave changes in normal 
and abnormal conditions
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Anterior MI
02 December 2018
Inferior MI
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ST elevation in II, III and aVF.
Reciprocal ST depression and T wave inversion in aVL
ST elevation in lead II = lead III and absent reciprocal change in lead I 
(isoelectric ST segment) suggest a circumflex artery occlusion
Posterior MI
As the posterior myocardium is not directly
visualised by the standard 12-lead ECG, reciprocal
changes of STEMI are sought in the anteroseptal
leads V1-3. Posterior MI is suggested by the
following changes in V1-3:
• Horizontal ST depression
• Tall, broad R waves (>30ms)
• Upright T waves
• Dominant R wave (R/S ratio > 1) in V2
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Posterior MI
02 December 2018
In patients presenting with ischaemic symptoms, horizontal ST depression in 
the anteroseptal leads (V1-3) should raise the suspicion of posterior MI.
**Typical appearance of posterior infarction in V2
Posterior infarction is confirmed by the presence of ST elevation and Q waves 
in the posterior leads (V7-9).
Posterior MI
Leads V7-9 are placed on the 
posterior chest wall in the 
following positions (see 
diagram below):
– V7 – Left posterior axillary line, 
in the same horizontal plane as 
V6.
– V8 – Tip of the left scapula, in 
the same horizontal plane as 
V6.
– V9 – Left paraspinal region, in 
the same horizontal plane as 
V6.
02 December 2018
Posterior MI
02 December 2018
What to do when Emergency
02 December 2018
Tachycardia Algorithm 
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Ventricular Tachycardia
• Ventricular cells fire continuously due to a looping re-entrant circuit 
• Rate usually regular, 100 - 250 bpm
• P wave: may be absent, inverted or retrograde 
• QRS:  complexes bizarre, > .12
• Rhythm:  usually regular
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Rhythm #8
Asystole
• Ventricular standstill, no electrical activity, no cardiac output – no 
pulse!
• Cardiac arrest, may follow VF or PEA
• Remember!  No defibrillation with Asystole
• Rate:  absent due to absence of ventricular activity.  Occasional P 
wave may be identified.  
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Rhythm #9
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PTCA procedure
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CARDIOVERSION
 Is an elective procedure , using an 
electricity to convert a cardiac 
dysrhythmia to normal sinus 
rhythm that is capable of 
sustaining improved cardiac 
output.
 Electrical discharge is synchronised 
with or triggered by the clients’ 
QRS complex to avoid of accidental 
discharge during repolarization 
phase when ventricle is vulnerable 
to develop VF.
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Care of patients undergoing Cardioversion
After the procedure:
 Assess the pulse and ECG  
after cardioversion- VF may 
occur, thus require emergency  
action
 Monitor ECG continuously
 Place the patient in  lateral 
position until fully conscious 
then  in a comfortable position
 Continue the O2 therapy
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Care of patients undergoing: Defibrillation 
• The treatment for immediately life-threatening 
arrhythmias with which the patient does not have 
a pulse
– ie ventricular fibrillation (VF) or pulseless ventricular 
tachycardia (VT). 
• Cardioversion - is aims to convert an arrhythmia 
back to sinus rhythm.
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Permanent pacemaker
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Hemodynamic Monitoring
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What is hemodynamic monitoring (HM) ?
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HM
• The dynamic movement of blood through the 
cardiovascular system.
HM
• To evaluate the cardiovascular components 
that influence this movement of blood.
HM
• To provide information about the cellular oxygen 
delivery and utilization. 
• Interventions are focused on improving the 
function of this delivery system. 
Pulse Pressure
• Pulse pressure is the strength of the pulse 
wave.
➢Pulse pressure = Systolic–Diastolic (normal 
40mmHg) 
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Pulse pressure (PP)
• Used as a prognostic marker in clinical 
practice.
• High PP is a risk factor for the development of 
coronary heart disease, myocardial infarction, 
and heart failure in normotensive and 
hypertensive persons.
• Low pp in advanced heart failure and high pp in 
mild heart failure have been separately linked to 
increased mortality rates.
(Yildiran et.al, 2010)
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Mean Arterial Pressure (MAP)
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MAP is a calculation that use to check whether
there’s enough blood flow, resistance, and
pressure to supply blood to all major organs.
“Resistance” refers to the way the width of a
blood vessel impacts blood flow.
E.g. it’s harder for blood to flow through a narrow
artery. As resistance in arteries increases, blood
pressure also increases while the flow of blood
decreases.
MAP also the average pressure in the arteries
throughout one cardiac cycle, which includes the
series of events that happen every time the heart
beats.
MAP= (CO x SVR) + CVP
MAP
• Mean arterial pressure is an estimate of 
ventricular pressure.
• MAP is 2x the diastolic plus the systolic 
divided by 3. 
• MAP = [(2 x diastolic)+systolic] / 3
(eg. BP: 120/80mmHg ; MAP= 
93mmHg)
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Mean Arterial Pressure (MAP)
• MAP represents the average arterial pressure 
throughout the cardiac cycle.
• MAP has used to improve clinical outcome in 
several conditions; sepsis, trauma, stroke, 
intracranial bleed, and hypertensive 
emergencies.
• Normal at least 60mmHg and above.
• Clinical situation may different (120/80 , 160/60)
– Either want to use MAP or PP
02 December 2018
MAP
• Normal MAP 60 -100mmHg
• To ensure enough blood flow to vital organs, such as the heart, 
brain, and kidneys. 
• Normal MAP indicates that there’s enough consistent pressure 
in the arteries to deliver blood throughout body.
• High MAP >100 mmHg, indicates; a lot of pressure in the 
arteries: lead to blood clots or damage to the heart muscle
– heart attack
– kidney failure
– heart failure
• Low MAP <60 mmHg, indicates; blood may not be reaching major 
organs. Without blood and nutrients, the tissue of these organs begins to 
die, leading to permanent organ damage.
– Sepsis
– Stroke
– internal bleeding
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Urine output
• The normal range for 24-hour urine volume 
is 800 to 2000 milliliters per day (with a 
normal fluid intake of about 2 liters per 
day).
• In the average adult client: 
– 0.5ml/kg/hr
• client’ age of more than 65yrs:
– 0.25-0.5ml/kg/hr  
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Simulation Exercise
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Exercise
• How to manage client with low MAP?
• How to manage client with high MAP?
• How to manage client with asystole?
• How to manage client with VT/VF?
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THANK YOU
